This research focus on adequate sizing of miniature circuit breakers (MCBs) and Molded Case Circuit Breaker (MCCB) of distribution board unit for a business center/focus. The aim of this research is to overcome the tripping and burning of connected loads in the study area. The load survey of the business center was carried out and the current rating of the associated equipment used were computed, using the data obtained from the name plate of the equipment. The rated values of the existing MCBs and MCCB were compared with the recommended values obtained from international codes in order to determine the inadequacy of the existing ones in term of protection for the connected load. The result obtained shows that 11% of the load are adequately protected against over current, 6% of the existing load is under-rated while 83% of the load were not over current protected in the existing DB. Re-design the DB protective devices was carried out in accordance with the international codes to avoid tripping and frequent burning of loads. The number of MCBs resigned is 22.5 single phase MCBs. 23 single phase DB are not readily available, three phase, 8-Way DB is recommended with 25% future expansion. The voltage drop for the cable between the MCCB and the supply source is lesser (0.4%) than 3% recommended by NEC. 100% of the load are protected in the new design hence protection for all the connected loads against overcurrent damage thus removing tripping and burning of many connected loads in the studied area Equation to size DB is proposed in this work. Overcurrent protective device (CB) must conform to international standard of 1.25 multiplying factor in order to adequately protect the intending load. This is necessary to reduce cost of maintenance and or otherwise procurement of new one. It is also necessary to avoid disruption of work or service.
I. INTRODUCTION
Electricity is dangerous and required proper protection to prevent unwanted voltage from passing through personnel, critical equipment and other nearby metallic objects [1] .
The security and reliability of the electrical energy infrastructure is of vital importance today more than ever, given the degree to which electric-powered technology has become embedded in all human activities. Protecting the electrical power supply system against interruptions due to various faults is researchable [2] . One of the components involved in power-system protection is the circuit breaker which is responsible for breaking the system when a fault or anomaly occurs in order to protect the electrical equipment [3, 4] . Circuit breakers are crucial components for power systems operation for detection and removal of faults in the switchgear. [5] Published on October 22, 2019. M. O. Oyeleye is with the Department of Electrical and Electronics Engineering Federal University of Technology Akure, Nigeria.
(e-mail: mooyeleye@futa.edu.ng) Moreover, electrical protection for residential, office and commercial buildings is based on a well-design circuit breaker that will trip or fuses being blown when an overload happens [6, 10] .The current state-of-the-art in this field highlights that the traditional circuit breakers are still widely used today for power-system protection, these devices being usually designed to protect against a single power supply grid fault [7] . MCCBs are required to trip above rated current [8] This research work critical reviewed a business center with the intention to overcome the aforementioned side effects of electricity supply. This is achieved in this work by critical review of a business center DB, noting the existing MCBs and MCCB rated values, compare it with the international standards, and redesigned where necessary. This is to solve the problem of damaging AC and the associated connected loads by proper operation of Distribution Board (DB) in order to ensure that fault will be isolated at the lowest level. Apart from life of the equipment users, the replacement of damaged equipment is monetary. This is an economic loss to the end users.
This work is also done to enlighten or educate the electrical engineer to design a DB to standard. Many electrical engineering graduates leave the design of a DB to the hand of technicians and technologies designer which is very wrong. The DB designs and inspections of designed BD according to the design is very necessary. This work is of the opinion that MCB and MCCB designers will tremendously gain to size these protective devices.
Distribution Board
In most buildings, where a number of circuits are to be wired, the distribution fuse board becomes a necessity. Distribution boards are simply an assemblage of parts including one or more fuses or circuit breakers suitably arranged for the distribution of electrical power to final sub circuits. [9] . The circuit breakers are on suitable carriers with neutral and earth bars adequately provided inside a metal casing. The metal casing shall be of adequate size and capacity. They are usually iron clad and designed to provide a large space for wiring and splitting the circuits. It consist circuit breakers or fuse inside which can easily remove. The DB understudy contains CBs due to CB advantage over fuse which will be mentioned later. The purpose of this study is to verify the proper operation of Distribution Board (DB) and re-design appropriate DB for the business center under consideration to ensure that fault will be isolated at the lowest level. 
Design Of Distribution Board Unit For A Business Focus

Elements of Distribution Board
The distribution board consists of the following: i. Fuses Fuse is the safety device and the weakest part of the electrical system. It consist of a small link to the soft metal which melts when excessive current passes through it [10] . The fuse wires are usually bare wires and are made of lead and tin. Lead alloy for small current and tinned copper wire issued for large current. However, fuse need no maintenance and its the cheapest form of protection available. It main disadvantage is wrong rewiring when it cuts and time delay when compare to circuit breaker which leads to damage of the connected equipment to be protected. Due to this, fuse is not used in the design [11, 12] .
ii. Circuit Breakers These are automatic electrical switches designed to protect an electrical appliance from damage when drawing current above its rated value [13, 15] . It basic function is to detect faults. Unlike fuses, they can be reset (manually or automated) after a break. This existing ability is an advantage over Fuse [13, 12] .
Miniature Circuit Breaker (MCB):
MCB is an electromechanical device which guards an electrical circuit from an over current that may arise from short circuit, overload or defective design. An MCB can be simply rearranged and thus gives a better operational protection and greater handiness with lesser cost. The operating principle of MCB is simple. An MCB function by interrupting the stability of electrical flow through the circuit once an error is detected. In simple conditions this circuit breaker is a switch which routinely turns off when the current flows through it and passes the maximum acceptable limit. Generally, these are designed to guard against over current and overheating. MCB is substituting the rewirable switch-fuse units for low power domestic and industrial applications in a very quick manner. In wiring system, the MCB is a blend of all three functions such as protection of short circuit, overload and switching. Protection of overload by using a bimetallic strip and short circuit protection by used solenoid [13] . It is a better option to a fuse especially when overload devices is so frequent as to make the use of the fuses impractical. It is used in distribution board final sub circuit. The characteristics of an MCB mainly include the following: rated current is not more than 100 amperes, normally, trip characteristics are not adjustable and thermal/thermal magnetic operation [12] .
Earth Leakage Circuit Breaker (ELCB):
ELCB is a device used in electrical system with high earth impedance to avoid shock. It notices small stray voltages on the metal fields of electrical gear, and interrupt the circuit if an unsafe voltage is detected. The main principle of Earth leakage protectors is to stop injury to humans and nature due to electric shock. This circuit breaker is a specialized kind of latching relay that has structures incoming mains power connected through its switching contacts so that this circuit breaker disconnects the power supply in an unsafe condition.
The ELCB notices fault currents from live to the ground wire inside the installation it guards. If enough voltage emerges across the sense coil in the circuit breaker, it will turn off the supply, and stay off until reset by hand. A voltage-sensing earth leakage circuit breaker doesn't detect fault currents from exist to any other ground body [13] .
Characteristics of ELCB include the following, this circuit breaker connects the phase, earth wire and neutral and the working of this circuit breaker depends on current leakage [12] .
Residual Current Circuit Breaker (RCCB):
A RCCB is an essential current sensing equipment used to guard a low voltage circuit from the fault. It comprises of a switch device used to turn off the circuit when a fault occurs in the circuit. RCCB is aimed at guarding a person from the electrical shocks. Fires and electrocution are caused due to the wrong wiring or any earth faults. This type of circuit breaker is used in situations where there is a sudden shock or fault happening in the circuit.
For instance, a person suddenly enters in contact with an open live wire in an electrical circuit. In that situation, in the absence of this circuit breaker, a ground fault may occur and an individual is at the hazardous situation of receiving a shock. But, if the similar circuit is defended with the circuit breaker, it will tour the circuit in a second therefore, avoiding a person from the electric shock. However, this is not used in the design since the existing business centre DB does not have the facility. The characteristics of an RCCB mainly include: both wires phase and neutral are connected through RCCB, whenever there is any ground fault occurs, then it trips the circuit, The amount of current supplies through the line should go back through neutral and these are a very effective type of shock protection [12, 13] .
Molded Case Circuit Breaker (MCCB)
The MCCB is used to control electric energy in distribution network and is having short circuit and overload protection. This circuit Breaker is an electromechanical device which guards a circuit from short circuit and over current. They offer short circuit and over current protection for circuits ranges from 63 Amps-3000 Amps. The primary functions of MCCB is to give a means to manually open a circuit, automatically open a circuit under short circuit or overload conditions. In an electrical circuit, the over current may result faulty design. The MCCB is an option to a fuse since it doesn't need an alternate once an overload is noticed. Unlike a fuse, this circuit breaker can be simply reset after a mistake and offers enhanced operator safety and ease without acquiring operating cost. Generally, these circuits have thermal current for over current and the magnetic element for short circuit release to work faster [13, 11] . The power rating of MCCB is higher than that of MCBs.
The characteristics of an MCCB mainly include: the range of rated current us up to 1000 amperes, trip current may be adjusted and thermal/thermal magnetic operation [13, 11] . It is believe that in the absence of RCCB and ELCB the circuit is till protected against overload. With effective earthing system, earth fault will be discharge safely to the ground. The non-usage of RCCB and ELCB will reduce the cost of installation.
Distribution of Metallic Case
The metallic enclosure shall be dust and weather proof and have a mounting arrangement on a wall. This closure will have an earthing terminal and it will be interlocked with the actuating lever to prevent access to the interior whilst the lever is in the on position. Fixed contacts and other metal parts shall be nickel plated or tinned where it is desirable [10] .
MCCB Cable Sizing
In selecting the proper size conductors for supplying power in circuit from the source to the load. It is most important that the designer apply the appropriate standards. In the case of power service the electrician usually selects the cable size to corresponding capacity of the circuit breaker at the distribution board. However, voltage drop should be considered because it affect the cable sizing especially the MCCB cable [15] . The overcurrent protection conductors and equipment shall be sized in such a way to open the circuit if the currents research a value that causes excessive or dangerous temperature in conductors [16] . The conductors allowable ampacity according NEC are based on four determine factors which are ambient temperature, Heat generated internally, Dissipation into ambient medium and adjacent load carry conductors [12] . However, conductor shall be sized to carry the load current without deteriorating the insulation.
i.
Derating Factor This is a factor that consider reduction in actual rating capacity of the cable. The actual rating of the cable is reduce by a certain factor if it is more than one running in parallel.
It is a factor that consider safe heating of the cable when more than one cable in parallel.
ii. Voltage Drop Cables have resistance which oppose the flow of currents through them, which leads to voltage drop. The voltage at the load is lower than the supply voltage by the amount of the voltage drop across the cable which depends on the length of the cables. These losses normally result in heating of the cables and at the same time cause temperature rise to such degree that can damage or completely destroy the cable insulation. However the rate at which heat in the cable take place depend on conductor material, surface area and thickness of the insulation [9] . Most manufacturers recommends that voltage drop should be 1% however NEC limits the voltage drop to 3% in a branch circuit to avoid power quality problem in a branch circuit [15, 16] .
Multiply Factor
The multiplying factor considered in this research in sizing of cable is based on the NEC code as presented in Table 1 .
Design considerations
Design consideration in this research are namely: 1. location of the panel 2. load rated value 3. phase requirement 4. future expansion of the DB
Applicable Design Standards
The applicable design codes from international organization and reliable literature are summed up in Table  1 . [12, 15, 16] 
II. METHODOLOGY
Load Survey
Load survey of the installed load was carried out. The circuit numbers were established by counting the number of equipment /item installed and ascertain the circuit by tracing the wire. Each circuit was traced to its miniature circuit breaker (MCB).
i. Design of MCB and MCCB Rating
Each load on a circuit breaker was determined using the name plate on the concerned load. The load was given in wattage or voltage-ampere and this is converted into current using equation (1) . ! = # $% & '% ()*∅ (1) Where Iph is the phase current, Vph is the single phase voltage Cos∅ is the power factor.
Applicable codes were applied to the calculated current (rated) as in Table 1 not available, the closed rating is recommended as in Table  3 . 
ii. Adequacy of MCB and MCCB Rating
The existing MCBs and MCCB were compared with the recommended values in order to determine the adequacy of the existing ones in term of protection of the connected loads.
iii.
Sizing of Distribution Board
Sizing of Distribution Board is given by equation (2) 
Where CTN is number of circuit, Mf is future expansion multiplying factor and Pno is number of circuit.
Voltage Drop Calculation
The voltage drop is determine using Equation ( 
Where D is the distance and & is voltage drop of cable according to the manufacturer.
III. RESULTS AND ANALYSIS
The result of the Business centre load survey is presented in Table 1 .
From Table 2 , individual Printer, air-condition, freezer and electric kettle conform to dedicated circuit rule. It follows that the loads are adequately circuit.
The result of MCB, MCCB and CB is presented in Table  2 .
From Table 3 only item 10 and 18 were adequately protected. Other elements were not protected. The CBs were overrated. Figure 1 attestates to inadequate protection of the installed element at a glance. It follows that, the over rating of the MCBs will not be able to trip the connected load in case of some fault. The over-rating is also shown in Figure  1 .
Item number 16, is under rated. It means it will be tripping on the connected load.
From equation 4, the voltage drop is less than 1V. It means that voltage drop tolerable sine it is less than acceptable 3% by NEC.
From equation (2), the number of MCBs designed is 22.5 single MCBs. 22.5 or 23 single phase DB are not readily avaible, three phase DB is used. From equation (3), it is designed to 7.5 -Way. Since there is no 7.5 -way, 8-Way is recommended. It means that there is 6 MCBs as spare which is conform to 25% future expansion.
IV. CONCLUSIONS AND RECOMMENDATIONS
A. Conclusions
The following conclusions are deduced from this research:
i. The existing loads are adequately circuit. ii.
MCCB cable complied with voltage drop criterion. iii.
11% of the load are adequately protected against over current in the existing DB. iv.
83% of the load failed over current protection existing DB, this contributed to frequent burning of the connected loads. v.
6% of the existing load is under-rated existing DB, this contributed to its tripping. vi.
the existing DB has no provision for spare. vii.
100% of the load are protected in the new design hence protection for all the connected loads against overcurrent damage. viii.
the new design DB has 25% future expansion.
B. Recommendations
It is recommended that overcurrent protective device (CB) must conform to international standard of 25% multiplying factor in order to adequately protect the intending load. This is necessary to reduce cost of maintenance and or otherwise procurement of new one. It is also necessary to avoid disruption of work or service. 
